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Abstract
K-Ar ages have been determined on biotite fractions of three coarse-
grained granites from the Inada area, Ibaraki Prefecture. Ages are
65.0 +/− 2.3 Ma for Inada-I, 63.7 +/− 2.2 Ma for Inada-II and 62.1
+/− 2.8 Ma for Inada-III. The Inada-II sample is a better candidate
than the other two samples as a K-Ar dating standard on the basis of
thin section observation and K-Ar dating results. However, a chlorite
removal step is necessary to make the new dating standard.
1 Introduction
For K-Ar dating, various kinds of inter- and intra-laboratory dating stan-
dards have been used in order to check the reliability of dating procedures.
It is important that the properties (age, mineral) of the standard samples
are close to those of the unknown samples. However, no good K-Ar dating
standards are available for late Cretaceous to early Tertiary samples.
The Inada area in Ibaraki Prefecture is a famous center for the production
of granitic building stone in Japan, and so we can easily obtain fresh rock
samples from the quarry. The age of this granitic rock was estimated to
be late Cretaceous. Based on these advantages, the granitic rock is a good
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candidate for a new dating standard. In this study, we collected the coarse-
grained granite from quarries in the Inada area and measured the K-Ar ages
to evaluate the suitability of the biotite fraction of the Inada granite as a
new dating standard.
2 Geological background and sample descrip-
tions
In the Tsukuba district, granitic rocks are intruded into surrounding sed-
imentary and metamorphic rocks. Detailed geological and petrographical
investigations were performed by Takahashi (1982). A simpliﬁed geologi-
cal map around the Inada area was modiﬁed from Takahashi (1982) and
is shown in Fig. 1. He divided the granitic rocks into the following seven
Fig. 1. Simplified geological map of the northern Tsukuba area (modified after Takahashi, 1982) and
the sampling sites for the K-Ar dating. 1. Coarse-grained granite, 2. Medium-grained granodiorite, 3.
Fine-grained granodiorite, 4. Kabasan fine-grained granite, 5. Gabbroic rock, 6. Sedimentary rocks. The
Yamanoo fine-grained granite, porphyritic granodiorite and two-mica granite are distributed outside of
this map area.
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bodies, namely coarse-grained granite, ﬁne-grained granodiorite, medium-
grained granodiorite, Kabasan ﬁne-grained granite, Yamanoo ﬁne-grained
granite, porphyritic granodiorite and two-mica granite. These seven bodies
were continuously emplaced, and solidiﬁed during a short time interval of
less than 3 Ma (Arakawa and Takahashi, 1989). The rocks from the Inada
area belong to the coarse-grained granite group.
We collected three samples from the quarries in Inada Town at sample
locations indicated in Fig. 1. Samples of Inada-I and Inada-III were obtained
from working granite quarries, whereas Inada-II was collected from an old
quarry where work has ﬁnished. About 20 kg of granitic rocks were collected
from each location.
Sampling positions, modal compositions and relative abundances of the
chlorite in the samples are tabulated in Table 1. The samples seem fresh,
but biotite is partially chloritized as seen in thin section.
Table 1. List of samples for K-Ar dating
Samples for K-Ar dating were prepared by the following procedure.
Roughly broken rock samples were crushed in a stainless-steel mortar and
sieved to 0.15∼0.25mm (60–100 mesh size) in diameter. The sieved fraction
were washed in distilled water in an ultrasonic bath, and then dried overnight
at 110◦C in an oven. Subsequently, the biotite fraction was separated mag-
netically using a permanent magnet and a Franz type isodynamic magnetic
separator. To separate biotite from other minerals, tapping was also carried
out. Finally, samples were washed in acetone with ultrasonic treatment and
sieved to 0.15∼0.25mm again. The purity of the biotite fraction was about
97% after the above procedure.
3 K-Ar dating method
Potassium contents of samples were measured in Yamagata University
by a ﬂame photometer, FP-33D (Hekisa Kagaku), using a lithium internal
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standard and the peak integration method. To verify the accuracy of potas-
sium analyses, we performed measurements of standard samples (Geological
Survey of Japan Geochemical Reference samples, Igneous rock series, JG-2
and HD-B1) and unknown samples at the same time. Measured potassium
contents of the standard samples were 3.89 +/− 0.45 wt. % for JG-2 and 7.93
+/− 0.33 wt. % for HD-B1, which are consistent with the reference values
(JG-2: 3.91 wt. %, Terashima et al., 1994; HD-B1: 7.956 wt. %, Hess and
Lippolt, 1994) of the samples within the error range. This guaranteed the
accuracy of our potassium measurements. The average potassium contents
of the unknown samples of replicated analyses (n = 5) and their standard
deviations were indicated as uncertainties in the measurement procedures.
Abundances of radiogenic 40Ar were measured in Yamagata University
by the isotope dilution method using a 38Ar spike. Samples were degassed
at 1500◦C in a Mo crucible using a resistance furnace. Extracted gases were
puriﬁed by two Ti-Zr getters and a Zr-Al alloy getter, and were then intro-
duced into the mass spectrometer. Argon isotopes were analyzed by a 15 cm
radius and 60◦ deﬂection sector type of mass spectrometer. To calculate the
amount of radiogenic 40Ar, corrections of mass discrimination and hot blank
were carried out during the argon isotope analyses. The amount of 38Ar in
a spike is often calibrated with an international age standard, HD-B1 (Hess
and Lippolt, 1994).
For K-Ar age calculation, the following constants, λe = 0.581 × 10−10,
λβ = 4.962 × 10−10, 40K/K = 0.01167% (Steiger and Jaeger, 1977) were
used. Uncertainty in a K-Ar age was calculated from the propagation of
analytical errors in potassium and radiogenic 40Ar contents (1 sigma level).
4 Results and Discussion
The results of K-Ar dating of Inada samples are shown in Table 2. The
K-Ar ages of Inada-I, Inada-II and Inada-III are 65.0 +/− 2.3, 63.7 +/− 2.2,
62.1 +/− 2.8 Ma, respectively, and are within the error range.
K-Ar and Rb-Sr ages of plutonic and metamorphic rocks from the
Tsukuba district have been reported in the literature (Kawano and Ueda,
1966, Shibata, 1968, Shiba et al., 1979, Arakawa and Takahashi, 1988,
Shibata and Uchiumi, 1992), and a summary of these radiometric ages is
given in Table 3. For plutonic rocks, radiometric ages range from 60 Ma to
65 Ma, while the K-Ar biotite ages of the granitic rocks around the Inada
area were 64.5 Ma (Kawano and Ueda, 1966) and 61.4 Ma (Shibata, 1968).
Our results are in good agreement with these previous works. A 40Ar-39Ar
dating result (Total age = 59.9 Ma and Isochron age = 59.9 +/− 0.6 Ma,
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Table 2. K-Ar dating results of the Inada samples
Table 3. Radiometric ages of plutonic rocks in the Tsukuba district
whole rock) was obtained by Ozima et al. (1979). They showed a ﬂat pat-
tern in the age spectrum of an Inada sample. It means that no signiﬁcant
thermal disturbance occurred in the Inada area. Unfortunately, no sample
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and no detailed Ar isotope information were indicated in their paper. Thus,
the relationship between our dating results and the 40Ar-39Ar dating result
is ambiguous.
Thin section observations indicated that the Inada samples contain dif-
ferent amounts of chlorite (Table 1). Chlorite was formed by the alteration
of biotite with potassium being lost during the chloritization process (e.g.
Eggleton and Banﬁeld, 1985, Kogure and Banﬁeld, 2000). Thus, decreasing
potassium contents in the Inada samples equals to increasing amounts of
chlorite. Since the Inada-II sample has the least amount of chlorite and the
highest potassium content among the three samples, it is the most suitable
candidate as a dating standard. However, even small amounts of chlorite
cause sample heterogeneity problems, and so K-Ar dating results of chlorite-
bearing samples may be complicated. To make the Inada samples into a
dating standard sample, another sample preparation process, which removes
chlorite from biotite, is required.
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